
2021 9 16

1



1

1.

2.
1
2
3
4

3.



21

6 6* *

* 

6



31

(PRA)*1 ( )*1

•
•

*1
5

*2 10

*2

1 2 3 4
1 2017 7 6 2017 9 25 2020 2 20 2020 5 20
2 2019 1 7 2019 3 28 2021 6 22
3 2020 5 11 2020 7 22
4 2021 6 15 2021 7 26
1 6 2018 3 30



GS-G-4.1(DS449)
1.
2.
3. SSC
4.
5.
6.
7.
8.
9.
10. -
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

4

(As is)

US-APWR DCD

2
1

IAEA GS-G-4.1(DS449)



52
2

TS



6

1 2023 11

23∼27

2

3

4 2021

2
2



7

1 4 260

2

154

41 37
26

0

50

100

150

2
2

3 2017 1 6



8

1
IAEA SSG-25 “ ” “ ”

4

( ) ( )
( ) ( )

PRA
PRA

4

2
3 3-1(1)



4

SPARKLE-2

SPARKLE-2

LOCA 1+ECCS 2 +CV

2
3 3-1(2)

1: Loss Of Coolant Accident
2: Emergency Core Cooling System

9



2
3 3-1(3) PRA 4

CDF CFF

a 1PRA 1 2PRA 2 FV
CDF CFF

PRA LOCA
PRA

FV CDF
CFF

PRA

PRA

PRA

1 PRA
2 PRA

10



PRA

2
3 3-1(3) PRA 4

LOCA ECCS

CDF
50 CFF 60

CCW

CCW

CCW

11



2
3 3-1(3) PRA 4

PRA 2PRA

CFF 2 1

CFF 4

a 4.2E-5 2.5E-7

b 2.5E-7 1.1E-7

1 1 4

CFF /
2PRA

1.0E-4

1.0E-5

1.0E-6

1.0E-7

12



13

0

10

20

30

40

50

60

70

80

90

100

mSv

41 Sv

2
3 3-1(3) PRA 4 4

1

4

4

1 4



14

1

CV

[1,029Gal ]

[1,029Gal 2]

3

2
3 3-1(4)



15

2

3

2

25cm

25cm

1.00 1.41
÷

25cm

2
3 3-1(4)



SF1 :
SF2 : SSC
SF3 :
SF4 :
SF5 :
SF6 : PRA
SF7 :
SF8 :
SF9 :
SF10:
SF11:
SF12:
SF13:
SF14:

16

IAEA No.SSG-25

14 SF ; Safety
Factor

2015

2
3 3-2 



17

PRA PRA

5 6

PRA PRA

PRA

SF

SF

( ) 3 PRA

PRA
(3 )

2
3 3-2 



182
4

[ ]

1 23∼27 23

1 2023 11
4 2021

4
PRA 4 5 6

PRA 4
1 4



19

1 ATENA20-ME03(Rev.0)
2 ATENA20-ME05(Rev.0)

3

ATENA 1

ATENA 2

PRA

PRA

PRA

PRA
PRA

PRA

PRA PRA
PRA



2021 2022 2023

20

27264 5 6

3

PRA PRA

PRA 1PRA

1PRA
HRA

1PRA

PRA



213

PRA

2
3

5
/

7 8
NRA

1 6 1 7 2020 12 22 8
2021 3 18

2017 7 31 2018 3 14



END
22



23



< >

1 2
PWR

3
89 kW 89 kW
1984 7 1985 11

2013 7 8
2015 9 10 1
2015 11 17 2
2015 12 17
2020 11 11 1
2020 12 16 2

24



1
2

2-1
2-2
2-3
2-4
2-5

3
3-1
3-2

4

252



26

EH

3

EH

1

4

1

3

4

2

Oconee3

2
1

3



0.1

1.0

10.0

100.0

0.01 0.10 1.00 10.00
Period(s)

10
10-6

500

100

10

1

0.1 1 10

h=0.05

10-3

10-4

10-5

10-6

( 1
)

1

(L40.9km, 90 )

(L40.9km, 60 )

(L43.0km, 90 )

F-A ,F-B (L18.3km,14.9km) , 90

F-A ,F-B (L18.3km,14.9km) , 60

Noda et al.(2002)

4 1 4 27



SPARKLE-2
SPARKLE-2

SPARKLE-2

12 8
DNBR SPARKLE-2

461 384kJ/kg UO2
90.5 12.1kJ

PCMI

SPARKLE-2

SPARKLE-2 3

5 28



SPARKLE-2
SPARKLE-2

8 12

DNBR MG-NV
2.47

W-3
MG-NV 1.22

W-3 1.30

kJ/kg UO2
384 461 791

PCMI (kg)
[ (%)]

19[0.02]
PCMI 112[0.13]

PCMI

kJ
12.1 90.5

7.3×103

MG-NV DNB DNB W-3
DNB DNBR 1.22

40

30

20

10

0
120010008006004002000

5 29



30

SA
SA SA

SA

6



Cs-137

Cs-137 0.25TBq 0.32TBq

316



PRA PRA

7 PRA FV 32



PRA

7 PRA FV 33



PRA PRA PRA PRA

PRA PRA PRA PRA FV
PRA FV

7 PRA FV 34



3 1

CDF CFF

FV

1
FV

1

8 PRA 35



9 Cs-137 1/2

Cs-137

DF
Cs-137

SA

LOCA

ECCS

CV

×

×

1 5.6TBq SA

1 3.2TBq CV
CV

10 0.32TBq DF10

10 0.25TBq

× 10 0.79TBq SA

DF

DF DF10 1/10
DF

MHI-NES-1071 PWR 2020 6

36



DF

SA

LOCA

ECCS

CV

×
×

1 43mSv

10 30mSv DF10

’ 1 14mSv

” 10 13mSv DF

× 10 41mSv DF
13

Cs-137
”

379 Cs-137 2/2


